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Fibrous Proteins of Bovine Hoof 
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The matrix region of calf hoof was identified as the 
living precursor layer of the hardened hoof plate. Fi-
brous protein was isolated from the matrix with citrate 
buffer, pH. 2.65, while Tris buffer, pH. 9.5, with 8 M 
urea and a reducing agent was required to dissolve the 
cornified hoof. The purified matrix protein had a sodium 
dodecyl sulfate-polyacrylamide gel electrophoretic pat-
tern similar to hoof plate and different from bovine 
epidermis. When the s-carboxymethyl derivatives of 
matrix, hoof plate, and hair proteins was compared by 
urea-polyacrylamide gel electrophoresis, they were 
identical, and different from that of epidermal protein. 
The matrix protein reacted with an antibody to hair 
fibrous protein. Cultured matrix keratinocytes ap-
peared to be identical to cultured epidermal cells, point-
ing to the importance of the dermis in epidermal cell 
differentiation. 
Matoltsy [1] observed that the fibrous proteins of the living 
laye rs of cow snout epidermis could be solubilized by citrate 
buffers and subsequent investigators showed that it consisted 
of a number of polypeptides t hat could be separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) [2-4]. This protein, prekeratin, was totally reduced and 
became oxidized to yield the disulfide cross-linked fibrous pro-
tein of the stratum corneum [4,5]. Studies of the epidermis of 
a number of animals yielded simi lar results, suggesting t hat 
synthesis of a reduced acid buffer-soluble protein in the mal-
pighian layer followed by posttranslation modification to give 
stratum corneum fibrous protein was a general phenomenon 
[6,7] . 
The fibrous proteins of fu lly formed hair and nails are present 
in the oxidized disulfide form and are soluble only in an alkaline 
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denaturing buffer containing a reducing agent [8,9]. Electro-
phoretic separation of the fibrous polypeptides is commonly 
performed with the s-carboxymethyl (SCM) derivatives using 
polyacrylamide gels containing urea at alkaline pH [10,11]. 
Precursors of the fibrous proteins have been isolated from the 
follicle using buffers containing only urea, but electrophoretic 
analysis has been done on the SCM derivatives as described 
above [12]. Chemical analyses of the fibrous polypeptides ap-
pearing as single bands in the polyacrylamide urea gels have 
suggested they are heterogeneous consisting of several compo-
nents [13]. Furthermore, M,heterogeneity of these components 
has been demonstrated by doing SDS-PAGE in a second direc-
tion [14]. 
This report describes t he isolation of fibrous proteins from 
bovine hoof and reveals that the polypeptides of the living 
matrix cells are present in t he reduced form and can be solu-
bilized by citrate buffer, pH 2.65, similar to that which has 
been described for epidermal prekeratin. These polypeptides 
then undergo oxidation to yield the disulfide cross-linked pro-
tein of the nail plate. 
MATERIALS AND METHODS 
Snouts and hooves were obtained from fresh ly slaughtered calves 
and stored on ice until used. Epidermis was removed from the snouts 
by slicing with a razor. The perihoof skin and matrix regions (see Fig 
1) were carefully dissected to avoid any contamination of one with the 
other. This was checked by histologic examination of the specimens. 
The cuticle was scraped off the top of the matrix specimens. The 
specimens were soaked in 0.24 M NH 4Cl, pH 9.5, for 30 min at 4"C to 
separate the epidermis and matrix from the dermis, which was dis-
carded. This separated tissue was homogenized with a Virtis homoge-
nizer in 0.1 M citrate buffer, pH 2.65, at O"C, stirred at 4 "C for 3 h, and 
centrifuged at 30,000 g. The fibrous protein was purified from the clear 
supernatant by precipitation at pH 7.0 and 6.0, and stored at -70"C. 
The undissolved pellet was reextracted with citrate buffer and t hen 
stirred for 24 h with 0.2 M Tris, pH 9.5, with 8 M urea for 24 h at room 
temperature. The suspension ·was centrifuged at 30,000 g, and the pellet 
stirred in t he same buffer with 0.2 M mercaptoethanol for 24 h at room 
temperature under nitrogen and t hen centrifuged at 30,000 g. The Tris-
urea-mercaptoethanol (TUM) extracts were dia lyzed against 0.05 M 
Tris-acetate buffer, pH 7.5, and the precipitates collected by centrifu-
gation and stored at -70"C. Aliquots of the citrate and TUM buffer-
soluble proteins were alkylated with iodoacetic acid as previously 
described to form the SCM derivatives [11] . The SCM fibrou s proteins 
was purified by precipitation at pH 4.5. 
Hairs were plucked from the skin around the nose and the bulb ends 
and attac hed root sheaths cut off and extracted as described for 
epidermis. The remainder of the hair and pieces of horny tissue shaved 
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off the hoof were extracted with TUM buffer under nit rogen at 50'C 
for 1 h. The mixtures were then homogenized and the extraction 
continued for 2 h. The suspensions were centrifuged at 20,000 g, and 
a liquots of the supernatants t reated with iodoacetic acid to give the 
SCM derivatives. 
PAGE in urea was done by Davis' method with the addit ion of 6 M 
urea to the gels and buffer [11] . SDS-PAGE was done by the methods 
of Neville [15] and Laemmli [16] using 7% separating gels. 
Samples for amino acid analysis were hydrolyzed in 6 M HCl for 24 
h under vacuum at llO' C and run in duplicate on a Beckman 116 
amino acid analyze r. 
Antibodies were prepared in rabbits to the citrate-soluble fibrous 
protein purified from the matrix as previously described [17]. An 
antibody prepared to cow snout prekeratin which was specific for 
epidermal fibrous protein (EFP) [18] and one to human hair fibrous 
protein (HFP) which was specific for hair and nail fibrous proteins 
[19] were also used. Antigen-antibody reactions were followed by the 
Ouchterlony technique as described previously [17] . 
Circular biopsies 4 mm in diameter were obtained from the perihoof 
epidermis and the matrix region (see Fig 1), being careful not to overlap 
the two zones. Cell suspensions were prepared and cultured as described 
previously [20]. 
FIG 1. Anterior view of calf hoof with the left side shaved to show 
detai ls. The region above 1 is the hairy skin, peri hoof hairless epidermis 
is between I and 2, soft hoof is between 2 and 3, and below 3 is the 
thick hoof. 
2 
FIG 2. Histologic section of the hoof corresponding to regions m Fig 
1. The origin of the nail plate (n.) is indicated by ..... The cuticle (c) 
extends down from the sk in on to the proximal nail plate and the 
matrix (m) lies under it. 
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FIG 3. SDS-PAGE of perihoof epidermal (A) and matrix (B) cit-
rate-soluble proteins by the Nevi lle technique. 
RESULTS 
Several distinct anatomical regions of the hoof can be iden-
tified as shown in Fig 1. Just distal to t he hair-bearing region 
is a hairless zone which is called perihoof epidermis and cor-
responds to t he nail fold of primates [19] . Distal to this is a 
zone of relatively t hin hoof which gradually thickens to become 
t he fully formed hoof. The hair-bearing skin has a thin epider-
mis while the perihoof epidermis is acanthotic with a t hick 
granular layer (Fig 2). There is an abrupt loss of t he granular 
layer at the point where t he hoof first appears and t his corre-
sponds in locat ion and appearance to t he nail matrix of pri-
mates. The region of thin hoof (matrix zone) is covered with a 
t hick stratum corneum which extends down from the perihoof 
epidermis. 
Frozen sections of perihoof epidermis and matrix region 
soaked in citrate buffer for 8 h showed progressive disintegra-
tion of the viable layers as described for cow snout epidermis 
[1]. Cit rate buffer-soluble protein isolated from these two re-
gions and purified by precipitation showed SDS-PAGE pat-
terns t hat were very similar by t he Neville technique [15], 
a lt hough t here appeared to be subtle differences in the relative 
proportion and perhaps mobility of the various bands (Fig 3). 
The same pattern was observed when samples were equilibrated 
in SDS buffer without mercaptoethanol prior to electrophore-
sis, indicating t he proteins were reduced. TUM-extracted pro-
tein from the hoof showed a pattern similar to that of the 
citrate-so luble proteins but required equilibration in SDS and 
mercaptoethanol. SDS-PAGE by t he Laemmli technique (16] 
showed more marked differences between matrix and epidermal 
proteins (Fig 4), although several bands showed s imilar mobil-
ity. There were some differences in the intensities of the bands 
in different preparations of matrix. The samples were heated 
in t he SDS equ ilibration for up to 10 min and dialyzed against 
t he buffer and this did not alter t he results. The SCM deriva-
t ives of perihoof epidermal and matrix proteins showed strik-
ingly different patterns when studied by urea-PAGE. The pat-
tern of matrix protein was very similar to t hat of SCM hoof 
and hair proteins extracted with TUM buffer (Fig 5). 
The fibrous protein isolated from hoof and matrix were tested 
by t he Ouchterlony technique against an antibody to HFP and 
an ant ibody to EFP. These antibodies have been shown to be 
specific for HFP and EFP and not to cross-react but have no 
species specificity. The concentrations of the antibodies were 
adjusted so they gave approximately t he same reaction with an 
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A B C D 
FIG 4. SDS-PAGE of fibrous proteins by the Laemmli technique. 
A, Citrate-soluble matrix protein. B, Cit rate-soluble perihoof epiderma l 
protein. C, T UM-soluble hoof protein. D, SCM TUM-soluble hoof 
protein. 
FIG 5. Urea-PAGE of SCM fibrous proteins. A, Citrate-soluble pe-
rihoof epidermal protein. B, Cit rate-soluble matrix protein. C, TUM-
soluble matrix protein. D, TUM-soluble hair protein . E, TUM-soluble 
hoof protein. 
equal amount of t he respective immunizing protein. The fibrous 
prote in from matrix gave a strong precipitin line with the 
ant ibody to HFP but either no line or a barely detectable line 
with the antibody to EFP, depending on the preparation (Fig 
6). The antibody prepared against matrix fibrous protein gave 
a precipitin line with matrix and HFP but not wit h EFP (Fig 
7). 
The amino acid composit ion of citrate-soluble fibrous protein 
from matrix was very similar to that of t he purified fibrous 
proteins of hoof and hair and different from that of cow snout 
Vol. 81, No.3 
prekeratin (Table I). The latter has a higher glyc ine and lower 
proline and !1.! cystine content and th is has a lso been reported 
for perihoof epidermis [4]. 
Cells were cultured from peri hoof epidermis and matrix using 
t he murine fibroblast 3T 3 feeder system described prev iously 
[20]. Primary cultures and later passages grew and had an 
appearance simila r to that which had been observed for cow 
snout epidermis. The colonies showed the typical layering of 
epidermal keratinocytes, and tonofi laments and desmosomes 
' 
·~ 
F IG 6. Ouchte rlony plate showing reactions of different p repara-
tions of citrate-soluble matrix proteins. (a ) Antibody to hair fibrous 
proteins is in center well and matrix proteins in wells 1-4. (b) Antibody 
to snout epidermal fibrous protein in cente r well and t he matrix 
proteins in wells / - 4. 
' 
' 0 
0 
~ 
FIG 7. Ouchterlony plate showing reactions of a ntibody to citrate-
soluble mat rix fibrous protein. Ant ibody is in center well, SCM TUM -
soluble hair protein in 1, SCM T UM-soluble hoo f prote in in 2, SCM 
citrate-soluble matrix protein in 3, and SCM cow snout prekeratin in 
4. Wells 5 a nd 6 are empty. 
TABLE I. Amino acid analyses of fibrous protein" 
Snout epidermis Hoof Matrix 
Lys ine 4.8 4.3 4.6 
Histidine .9 .8 1.0 
Arginine 5.8 7.1 6.5 
Aspartic ac id 8.8 8.9 9.8 
Threonine 4.0 4.6 4.5 
Serine 11.6 8.3 11.4 
Glutam ic ac id 14.2 15.8 17.6 
Proline 1.4 3.2 2.9 
Glycine 17.0 9.4 10.5 
Alanine 6.9 7.2 7.7 
Cystine (half)" 1.0 4.3 4.5 
Valine 4.1 5.8 . 3.9 
Methionine 1.2 .5 .2 
Isoleucine 3.2 3.9 2.2 
Leucine 8.8 10.4 8.6 
Tyrosine 2.8 2.9 2.3 
Phenylalanine 3.5 2.6 1.8 
" Values are residues/100 residues. 
b Cystine was determined as cysteic ac id a fte r performic acid ox ida-
t ion. 
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were readily apparent by electron microscopy. Cit rate and 
T UM buffer-extracted and purified protein from cul tured ma-
t rix and perihoof epidermis had ident ical SDS-PAGE patterns 
a nd these were simila r to t hose of cul tured cow snout epidermis 
(Fig 8). The extracts of cultured matrix cells were tested by the 
Ouchterlony tec hnique to antibodies against EFP and HFP 
and gave a precipit in line wit h the former and not with the 
latter. This cont rasts with t he findin g that the cit rate buffer 
e xt racts of the original cell suspension used to start the cultures 
r eacted with the antibody to HFP and not EFP. 
The cit rate buffer-soluble fibrous protein of cow hair bulbs 
h ad an SDS-PAGE pattern by t he Laemmli method which 
r esembled more closely the cit rate-soluble protein of matrix 
t han of perihoof epidermis (Fig 4, 9) . Urea-PAGE of the SCM 
derivative of this prote in showed a strong band corresponding 
to one of the major HFP bands and a ve ry weak band corre-
sponding to the other. The cit rate-soluble hair protein gave a 
precipit in line wi th an ant ibody to both HFP and EFP. 
FIG 8. SDS-PAGE patte rn of T UM-soluble proteins from cul tured 
epidermal (A) and matrix keratinocytes (8) by the Neville technique. 
A B 
FIG 9. SDS- PAGE patte rns of cit rate-soluble proteins of hair bulb 
(A ) and hoof matrix (B ) by t he Laemmli method. 
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DISCUSSION 
Hair and nail are derived embryologically from the epidermis 
and synt hesize a fibrous protein with t he same molecular 
configu ration as the one in t he epidermis but with a di ffe rent 
amino acid composit ion and sequence [19]. T he ability to 
readily i. a late t he reduced form of fi brous keratin from living 
laye rs of t he epidermis and ident ify and separate its constituent 
polypept ides by SDS-PAGE permitted a rapid expansion of our 
knowledge about EFP [21,22). In t he case of hair and na il , 
however, studies of fibrous keratin have been largely confined 
to proteins which a re extracted from t he cornified t issue and 
t hen s-carboxymethylated. As shown in this study citrate 
buffe r-soluble fibrous protein can be isolated and pur ified from 
the living layers of the hoof in a manner analagous to that 
described for epidermal prekeratin . T he constituent polypep-
t ides are readily separated by SDS-PAGE and show a M, range 
close to that of EFP . 
T he cow hoof is an excellent tissue for studying the fibro us 
proteins of hard keratins because of the ease with which large 
amoun ts of matrix, which is equivalent to the malpighian layers 
of epidermis, can be obtained. Furthermore, ha ir and hoof 
appear to synthesize the same fibrous polypept ides, at least as 
evaluated by electrophoresis. The anatomy of t he hoof is similar 
to t he primate nail [23], although a t rue nail fo ld is not observed 
and the soft, thin region of the nail plate and t he matrix is not 
covered by skin. The distal extent of the matrix has not been 
established because of the di fficu lt ies in performing t he essen-
t ial kinetic studies in such large animals. 
T he explanation fo r t he greater di ffe rence in the electropho-
retic pattern between fold and matrix proteins by the Laemmli 
technique is not clear. It is known t hat changes in amino acid 
composit ion without alteration in size can modify mobility 
[24], and this is clearly seen when the SCM protein is compared 
with t he underivatized one (F ig 4). The Laemmli method may 
be more sensit ive to such differences. However, t he fibrous 
keratins do show significant changes in t heir pattern when 
studied by di fferent SDS electrophoretic techniques [2- 4) and 
may be somewhat unique in t his regard. 
The urea-PAGE pattern of the citrate-so luble matrix protein 
is ident ical to t hat of fu lly cornified hoof. This pattern shows 
fewer components than the Laemmli and Neville patterns, 
suggesting that polypept ides of different M, may contribute to 
the individual urea-PAGE bands. These findings fi t with known 
heterogeneity t hat has been described fo r t he different hair 
fibrous components ident ified by urea-P AGE. 
The reactivity of matrix protein wit h t he ant ibody to HFP 
and t he finding that this protein stimulates production of an 
ant ibody t hat reacts wit h HFP fur ther support its ident ification 
by electrophoretic techniques. The trace reactivi ty to EFP seen 
in some preparat ions may reflect incomplete separation of 
matrix and nail fold or may indicate that t here is some synt hesis 
of EFP. 
The fi nding that cul tured matrix cells morphologically re-
semble cul tured epidermal cells and synt hesize EFP suggests 
t hat nail matrix contains pluripotent ia l stem cells which pro-
duce EFP under t he condit ions of cul ture. This points to the 
importa nce of mesenchymal epidermal interactions in deter-
mining the type of keratinization pathway a cell may follow. It 
would be of in terest to prepare the dermis under the matri x, 
free of keratinocytes, and determine whether and which cul -
tured ce lls, using mat rix and epidermis, give rise to hoof when 
put bac k on the isolated dermis (25]. 
The hair bulbs also contain cit rate-soluble fib rous protein 
that reacts wi th HFP. The reactivity to EFP likely refl ects t he 
presence of external root sheath which is attached to t he bulb. 
The di ffic ulty in obtaining adequate quant it ies of bulbs and the 
problems in sampling that arise from plucking the hairs may 
be the explanation for the absence of certain bands in the 
electrophoretic patterns. 
These studies indicate a more striking similarity between 
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EFP and HFP protein than previously has been appreciated. 
They both occur first as citrate-soluble reduced proteins and 
consist of a number of polypeptides in the same Mrrange. They 
have different amino acid compositions, the HFP being much 
richer in cystine. It is possible, however, that the helical regions 
of the molecules are similar and the difference resides in the 
non helical segments which make up an appreciable part of the 
molecule. Isolation of individual chains and amino acid se-
quences are necessary to establish this. 
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The Use of Monoclonal Antibody to Keratin in Human Epidermal 
Disease: Alterations in Immunohistochemical Staining Pattern 
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A monoclonal antikeratin antibody, designated AEl, 
was used to stain frozen sections of normal and abnormal 
human skin by the immunofluorescence and peroxidase-
antiperoxidase techniques. In normal human epidermis 
and ichthyosis vulgaris, a nonproliferative epidermal 
disease, this antibody selectively stained epidermal 
basal cells. Very different staining pa_tterns were ob-
served in various other epidermal diseases. A suprabasal 
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staining pattern was observed in psoriasis (16 cases), 
verruca (9), seborrheic keratosis (5), actinic keratosis 
(2), as well as the epidermis adjacent to certain epider-
mal neoplasms (4). Basal cell carcinoma (7) showed 
weak, homogeneous staining. In contrast, a disorganized 
pattern consisting of cells with various staining intens-
Abbreviations: 
AK: actinic keratosis(es) 
BCC: basal cell carcinoma(s) 
BD: Bowen's disease 
H -E: hematoxylin and eosin 
IF: immunofluorescence 
PAP: peroxidaseantiperoxidase 
PBS: phosphate-buffered saline 
SCC: squamous cell carcinoma(s) 
SK: seborrheic keratosis(es) 
